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Conveying complex information 
is a task without a universal so-
lution, and conveying science 

is no exception. We have a very long 
history of trying to explain each other 
counter-intuitive scientific ideas and 

some approaches stood the test of time 
better than other. The original explana-
tion of what is now known as Galilean 
Invariance is roughly half a page of text 
involving a ship, flying insects, fishes, 
several buckets of water, and people 
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 If a figure is worth a thousand words, how many words is 
an animation worth? As it is often the case, the answer is a 
resounding “it depends”, but nevertheless animations can be 
a very powerful tool to convey complex information in a fast 
and compact form. And, contrary to what you might think, 
creating an effective animation is not any more difficult than 
creating an effective figure.
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Animating Physics  
for Science Communication

jumping [1]. Would we explain it in the 
same way today? Surely my undergra-
duate classical mechanics textbook 
didn’t, but my professor’s explanation 
in class wasn’t all that different from 
Galileo’s one, albeit with far fewer 
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be focussed on the information it has to 
convey, with as few extraneous parts as 
possible. This doesn’t mean one has to 
always go with a minimalistic style, but 
any extra complexity should always be 
there with a precise goal and any anima-
tion that is unavoidably complex should 
always be accompanied by a detailed 
explanation (see figure 3).
Another thing to think about is length. 
How long before the animation loops 
and your audience will have a chance 
to see again the parts they missed? If 
you are creating a YouTube video this is 
not a huge concern, as it is always pos-
sible to stop it and go back if you missed 
something. But if you are showing the 
animation as part of your presentation 
at a conference, you have to consider 
that the audience is likely to be looking 
at the slides, looking at you, listening at 
you, taking notes, checking their phone 
and finishing their own talk, all at the 
same time. Chances are that they will 
miss those crucial 2 seconds in the ani-
mation, and then have to wait until they 
show again.

Different kinds  
of animations
"Scientific animation" is a very wide 
umbrella term that includes a lot of very 
different kinds of animations. Making a 
complete zoology of all possible kinds of 
animations is well beyond the scope of 
this article, but it is useful to list at least 
the most common ones.
Data-based: You have data, but instead 
of plotting it as a static image you make 
an animation that shows how things are 
changing with time. E.g. one might make 
a video of how a slime mould grows while 
looking for food, or a map that shows 
how the borders of France changed in 
time. This is probably the most common 
kind of animation.
Formula-based: Formulas have the big 
advantage of containing a lot of infor-
mation in a very compact format, and 
the disadvantage of containing way too 
much information in a way too compact 
format. As a result it takes time and 
work to get familiar enough with the 

look at quantum tunnelling, a topic cove-
red in all Physics degrees that is baffling 
and hard to understand the first time you 
encounter it. The way it is approached in 
most textbooks is to consider a particle 
with a well-defined energy in a constant 
potential with a rectangular barrier. Then 
one writes the solution of the time-in-
dependent Schrödinger equation both 
inside and outside the barrier, and the 
three solutions are then joined smoothly 
which leads to the transmission coeffi-
cient, i.e. the probability that the particle 
will tunnel through the potential barrier. 
This is accompanied by a figure showing 
the potential and how the wavefunction 
looks like in the three regions of space 
of interest (see figure 1). This works very 
well, but leaves out all the time dynamic 
of quantum tunnelling, which is not hard 
to obtain from the single energy solution, 
but it is unlikely to be obvious to a stu-
dent encountering it for the first time. An 
animation is the perfect tool to show how 
quantum tunnelling looks like in the time 
domain (see figure 2), or how it changes 
as the width of the barrier increases, or 
as the height of the barrier changes etc.

Where and when?
An obvious problem with animations is 
that you can’t really show them on paper 
(flicking through the pages very quickly 
technically works but it is an impractical 
solution), which limits their usefulness 
in scientific papers. You can show ani-
mations inside a pdf [2] (you can even 
run Doom inside a pdf), but to the best 
of my knowledge there is no tool that 
makes that easy, and current publishing 
pipelines are anyway unable to deal 
with it. Where animations truly shine 
is on projected slides, e.g. in lectures 
or conference talks, and online, where 
the technology used is already perfectly 
suited to showing moving pictures.
That said, an animation for the sake of an 
animation is not going to be very useful. 
An animation, just like a figure, should 
be designed to be easy to parse and to 
convey useful information. Worse than 
a figure, the more stuff is moving, the 
hardest it is going to understand what it 
is going on. An animation should always 

animals involved. The main difference is 
that my professor also made a drawing 
on the blackboard, which helped im-
mensely to visualize what was going on. 
Even better, as they could draw a piece 
at the time, what they had was a sort of 
semi-animation that changed while they 
were explaining the topic.
Was all that drawing strictly necessary to 
explain Galilean invariance? Obviously 
not, as a paragraph of text or one line of 
equations can easily contain all the ne-
cessary information. On the other hand 
we are very visual creatures and images 
can help making abstract concepts more 
real and digestible.

Pictures that move
Figures in scientific papers are ubiqui-
tous for a reason. Often you can get a 
good idea what a paper is about just by 
looking at the figures in it and seeing the 
data neatly plotted is a lot more imme-
diate than having them tabulated. Can an 
animation do any better? No, but that is 
not what an animation is for.
Since, by its own nature, an animation 
doesn’t stay still for long, it is not a good 
fit for anything that requires looking at 
details. The real power of an animation is 
to either modify the image (e.g. zooming 
in on a detail) in synch with a description/
explanation, or show how things change 
with time and/or when changing a pa-
rameter. As a practical example we can 

Figure 1. A typical illustration of quantum 
tunnelling one might find in a textbook. 
The solution of the time-independent 
Schrödinger equation is a wave when the 
energy is higher than the potential, but an 
exponential inside the barrier, resulting in a 
small fraction of the wavefunction to appear 
beyond the barrier.
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formulas that we can just see in our mind how they relate 
to the Physical processes they describe, which makes plots, 
diagrams, and animations about them invaluable.
Simulation-based: Sometimes it is easier to run a full (albeit 
often simplified) simulation of the phenomenon you want 
to show than try to hand-craft an animation about it. This 
is a particularly attractive proposition if you are already 
sitting on a lot of suitable code, e.g. because you are running 
those simulations anyway, or might require a significant 
time investment if you are starting from zero.
Artistic impressions: Accuracy is not always the main goal. 
You don’t want to mislead people or be factually wrong, but 
sometimes conveying the big idea is more important than 
the fine details. If you are artistically inclined this might be 
the easiest way to start making scientific animation. If you 
(like me) are not artistically inclined at all, it is a non-starter.

How do I make one?
You don’t need to be either an artist or any good at coding 
to make a good animation, but admittedly there is a (largely 
mental) barrier to entrance. An important first step is to 
have clear in your mind who the audience is. Are you ma-
king an animation to help you with a lecture? For your next 
presentation at a conference? Are you planning to share it 
with your friends/colleagues on social media? Do you want 
to use it for scientific outreach? This will inform you about 
how complex the things you show in the animation can 
be before your intended audience loose you completely. 
Which, to be honest, is not very different from the mental 
process you have to go through when making a figure.
The second step, and where I feel most people give up, is 
the choice of the tool you are going to use. The fact 

Figure 2 . Four frames of an animation showing a free particle 
(or better, its wavefunction) hitting a potential barrier. Most of the 
wavefunction is reflected, interfere with itself, and goes back, while 
a small fraction passes through the barrier. In this specific case I have 
chosen to plot also the modulus of the wavefunction (in black) to 
highlight the fringes due to the incoming wavefunction interfering 
with the reflected wavefunction.
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strongly depend on the first two steps. A 
10-minutes long video to post on YouTube 
requires a very different approach than a 
5 seconds animate .gif that will loop on 
your slides. And even within these two 
extremes there is a lot of scope to find 
the sweet spot between clarity, aesthetic, 
complexity, and time needed to actually 
make the animation that suits you best. 
I personally like to make short (10-15 

that you don’t know how to use profes-
sional 3D software is largely irrelevant, as 
there is a very good chance the tool you 
commonly use to make your figures and/
or analyse your data is perfectly able to 
create high quality animations. In prac-
tice, if you can create a set of figures 
you can put them together into a .gif 
file, which will play them one after the 
other, forming an animation. I have seen 
people use the most disparate software 
to create animation, from coding them 
in Python/Matlab/C, to the use of dedi-
cated graphics software like Illustrator or 
Blender. It all depends on what you are 
already familiar with, and/or what you 
are interested in learning.
The third step is to decide what style 
you want to use, and this decision will 

seconds) highly stylized animations to 
use in my lectures/talks, and I found that 
they work well on social media too if ac-
companied by enough explanations to 
make them understandable (I think of 
my target audience as “PhD students and 
passionate amateurs”).
Finally, it is actually time to make one, 
which might take anywhere between 
minutes and days of work, depending 
on how ambitious your plans are, and 
how much you can use of your old ani-
mations. Not surprisingly, once you have 
developed a large library of animations 
things get much easier, so it is advisable 
to start small, with a simple and mana-
geable one before building up to more 
complex stuff.

Conclusions
It goes without saying, but there are not 
many extrinsic motivations to make 
scientific animations. You are very un-
likely to gain fame and riches making 
them, and while I am sure there are a 
few people who managed to make it into 
a job, chances are that it will never go 
beyond the level of a hobby (albeit a ge-
nuinely fun hobby). Making animations 
is a surprisingly engaging process in and 
of itself, with the added benefit that in 
many cases it will put to a test how much 
you truly understand the science you are 
trying to animate. 
And even if you don’t want to make anima-
tions, there are plenty out there you can 
use for your lectures or talks. Just make 
sure about their copyright status before 
using them. If you can’t find anything, as-
sume that the animation you found online 
is the intellectual property of its creator. 
Which doesn’t mean you can’t use them, 
but it means you should ask the creator for 
permission. Most of the time they will be 
very happy you asked. 
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Figure 4. The Poincare section of a kicked rotor is complex, and the difference between the 
dynamics near an elliptical and a hyperbolic point definitively requires a good amount of 
explanation. Nothing here is self-explanatory, and wether one prefers to use a set of static images 
or a short animation, this should always be seen as an aid to the explanation, and not as a self-
contained object.


